UNCLASSIFIED 


F/G  20/12  NL 


-*|l 

MICROCOPY  RESOLUTION  TEST  CHART  j| 

•  RAfWNAl  BUREAU  OF  STMKMMP8  196^A 


■^^Mwgflga 


Wi 


REPORT  DOCUMENTATION  PAGE 

la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

tb.  RESTRICTIVE  MARKINGS 

2a.  SECURITY  CLASSIFICATION  AUTHORITY 

3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution  unlimited. 

2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

HDL-TR-2097 

6a.  NAME  OF  PERFORMING  ORGANIZATION 

Harry  Diamond  Laboratories 

6b  OFFICE  SYMBOL 
(If  applicable) 

SLCHD-NW-RC 

7a.  NAME  OF  MONITORING  ORGANIZATION 

6c  ADDRESS  (Gfy,  State,  and  ZIP  Code) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


8a.  NAME  OF  FUNDING  /  SPONSORING 
ORGANIZATION 

U.S.  Army  Laboratory  Command 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 


7b.  ADDRESS  (C/ty,  State,  and  ZIP  Code) 


8b.  OFFICE  SYMBOL  I  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable) 


AMSLC 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROJECT 

TASK 

N0  1L162- 

NO. 

120AH25 

11  TITLE  (Mud*  Security  Classifkation) 

Field  Dependence  of  Geminate  Recombination  in  a  Dielectric  Medium 


12.  personal  author<$)  Qeorge  ^  Ausman,  Jr.  (contact:  Timothy  Oldham) 


13a.  TYPE  OF  REPORT 

Final 


16.  SUPPLEMENTARY  NOTATION 

HDL  Project:  XE76B6  AMS  code:  612120.H25001 1 


1  M 

■ 

14.  DATE  OF  REPORT  (Tear,  Month,  Day) 

January  1987 

COSATI  CODES 


GROUP  SUB-GROUP 


2 


18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 
Semiconductor,  MOS^recombination;  silicon  dioxide^  Onsager,  Smoluchowski 


ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

S  r* 

The  problem  of  recombination  in  insulators,  especially  thermally  grown  Si02,  is  an  important  part  of  the  radiation 
response  of  microelectronic  circuits.  This  report  treats  the  geminate  recombination  process  between  an  isolated  electron- 
ion  pair  in  the  presence  of  an  applied  field.  Specifically,  the  Onsager  solution  of  the  Smoluchowski  equation  has  been  pro¬ 
grammed  for  numerical  computation.  The  program  has  been  applied  to  thermally  grown  Si02,  and  the  results  are 
presented  as  a  function  of  applied  field  for  several  temperatures.  A  mean  initial  separation  between  negative  and  positive 
charges  must  be  assumed,  and  the  sensitivity  of  the  result  to  this  assumption  is  examined. 

The  model  results  predict  very  little  temperature  dependence  except  at  very  low  fields.  These  results  will  be  compared 
with  measurements  in  the  future.  Me  W  S;  . 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 
BUNCLASSIFIEO/UNLIMITED  □  SAME  AS  RPT  □  OTIC  USERS 

21.  ABSTRACT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Timothy  Oldham 

22b.  TELEPHONE  (Include  Are a  Cocfe) 
(202)  394-3180 

HMKliHi 

FOREWORD 


The  manuscript  of  this  report  was  completed  by  Dr.  George  A.  Ausman,  Jr., 
in  late  1975.  However,  it  was  never  published,  mostly  because  of  the  untimely 
death  of  the  author.  We,  his  coworkers,  have  used  the  results  presented  here 
from  time  to  time.  Although  other  investigators  have  since  gone  beyond  these 
results  in  some  ways,  we  believe  that  this  work  remains  a  unique  contribution 
which  should  be  generally  available. 


At  this  time  we  are  preparing  a  chapter  for  a  book  scheduled  for  publica¬ 
tion  in  1987  (tentatively  titled  Radiation  Effects  in  MOS  Devices  and  Cir¬ 
cuits,  edited  by  T.  P.  Ma  and  P.  V.  Dressendorfer ,  published  by  John  Wiley  & 
Sons).  This  chapter  will  deal  with  the  geminate  recombination  model,  among 
other  subjects.  We  believe  the  work  of  Dr.  Ausman  deserves  a  place  in  this 
discussion.  For  this  reason,  we  are  publishing  it  now. 

Timothy  R.  Oldham 
F.  Barry  McLean 
H.  Edwin  Boesch,  Jr. 


Accesion  for 

NTIS  CRA&I 
OTIC  TAB 

Ui’.ar.nou-ced 
Juit't  ration  . 


□ 

□ 


By  . . 

Di-t  ib  itio.if 

Av  Jjb:iit/  Codes 


:  Aviiii  and/or 
Di  t  ipeCful 


Mi 


3 


CONTENTS 


FOREWORD  .  3 

1.  INTRODUCTION  .  7 

2.  ANALYSIS  .  8 

3.  RESULTS  AND  DISCUSSION  .  9 

H.  CONCLUSION  .  10 

DISTRIBUTION  .  13 


FIGURES 


1.  Escape  probability  as  a  function  of  field  for  initial 

electron-hole  separation  of  5  nm  at  different  temperatures  .  10 

2.  Escape  probability  as  a  function  of  field  for  initial 

electron-hole  separation  of  8  nm  at  different  temperatures  .  10 

3.  Escape  probability  as  a  function  of  field  for  initial 

electron-hole  separation  of  10  nm  at  different  temperatures  .  11 

Escape  probability  as  a  function  of  field  at  room  temperature 
for  different  initial  electron-hole  separations  .  11 

5.  Escape  probability  plotted  on  an  expanded  field  scale  .  11 


5 


1 .  INTRODUCTION 


Radiation,  such  as  that  produced  by  high-energy  electrons  or  photons, 
excites  electron-hole  pairs  in  a  dielectric  medium.  The  excited  electrons 
rapidly  come  to  thermal  equilibrium  in  the  lattice.  Typical  thermal izat ion 
distances  between  an  electron  and  its  original  ion  or  hole  are  of  the  order  of 
50  to  100  A.*  Following  excitation  and  subsequent  thermalization  of  the 
electrons,  many  of  the  initially  created  electron-hole  pairs  undergo  recombi¬ 
nation  on  a  time  scale  of  picoseconds.1  The  fraction  of  electrons  escaping 
initial  recombination  is  an  increasing  function  of  the  applied  electric  field 
and  also  depends  on  the  initial  separation  distance,  temperature,  and  density 
of  excited  pairs.  There  are  two  basic  mechanisms  of  initial  recombination: 
columnar  and  geminate.  If  there  is  strong  overlap  between  the  spheres  of 
influence  of  adjacent  electron-hole  pairs  along  the  path  of  the  ionizing 
particle,  then  homogeneous  bimolecular  recombination  occurs  within  a  column 
whose  axis  is  the  path  of  the  primary  ionizing  particle.  This  type  of  recom¬ 
bination  is  called  columnar  recombination,  the  theory  of  which  was  developed 
by  Jaffe.2  If  there  is  very  little  overlap  between  the  spheres  of  influence 
of  adjacent  electron-hole  pairs,  then  the  individual  electron-hole  pairs  are 
essentially  isolated  and  geminate  recombination  occurs  (recombination  of  an 
electron  with  its  parent  ion).  The  theory  of  geminate  recombination  was 
developed  by  Onsager.3  Since  the  total  net  motion  of  the  positive  and  nega¬ 
tive  charges  during  the  initial  recombination  process  is  zero,  the  net  current 
or  charge  transfer  is  zero.  Those  charges  that  escape  initial  recombination 
are  able  to  contribute  to  observable  charge  transport  processes. 

The  application  of  the  columnar  model  of  recombination  to  current  versus 
field  data  in  SiC>2  was  discussed  in  a  previous  paper.4  The  Smoluchowski 
equation,  which  describes  the  time-dependent  neutralization  of  an  isolated 
electron-ion  pair  (geminate  recombination)  in  a  dielectric  medium,  was  solved 
in  a  previous  report1  for  the  case  of  zero  applied  electric  field.  Onsager3 
was  the  first  to  obtain  the  steady-state  solution  (i.e.,  t  *♦  ®)  to  the  Smolu¬ 
chowski  equation.  He  derived  the  important  result  that,  in  the  absence  of  an 
applied  electric  field,  the  probability  that  the  electron-ion  pair  will  ulti¬ 
mately  escape  mutual  neutralization  is  given  by  exp(-rc/r),  where  rQ  is  the 
so-called  Onsager  "critical  radius”  for  recombination  and  r  is  the  initial 
separation  of  the  electron  and  positive  ion.  Onsager  also  obtained  the  steady 
state  solution  in  the  presence  of  an  applied  electric  field.  This  latter 
solution  will  be  explored  in  detail  in  this  report. 


l6.  A.  Ausman,  Jr.,  Annual  Report  of  Conference  on  Electrical  Insulation  and  Dielectric 
Phenomena  (1973),  p  456;  and  Harry  Diamond  laboratories  HDL-TR-1662  (April  1974). 

26.  Jaffe,  Ann.  Phys.  (Lei pz. )  ^42  (1913) ,  p  303. 

Onsager,  Phys.  Rev.  _5£  (1938),  p  554. 

*G.  A.  Ausman,  Jr.,  and  F.  B.  McLean,  Appl .  Phys.  Lett.  26^  (1975),  p  173. 

*1  A  *  0.1  nm. 
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2.  ANALYSIS 


For  the  geminate  recombination  process  to  be  valid  it  is  assumed  that, 
following  Irradiation  and  subsequent  thermal izat ion  of  the  electrons,  the 
dielectric  medium  can  be  treated  as  consisting  of  isolated  electron-ion  pairs. 
Under  this  assumption,  one  can  describe  the  recombination  at  early  times  by 
considering  a  single  isolated  electron-ion  pair.  The  motion  of  the  two 
charges  of  opposite  signs  is  governed  by  the  competing  processes  of  mutual 
Coulomb  attraction,  the  random  walk  in  a  dielectric  medium,  and  drift  in  an 
applied  electric  field.  The  first  process  tends  to  bring  the  two  charges 
together,  whereas  the  latter  two  tend  to  separate  them.  The  random  walk  is 
approximated  by  a  diffusion  term  in  the  Smoluchowski  equation.  (A  more  de¬ 
tailed  discussion  of  the  Smoluchowski  equation  appears  elsewhere.1)  Onsager3 
has  shown  that  the  probability  for  ultimate  escape  (t  -►  ®)  of  the  electron- ion 
pair  is  given  by 


P(r,E,e)  *  exp[-8r(1  ♦  cos  0) ]x 

J*  /p  ds  exp(-s)JQ{2[-Br(1  ♦  cos  9)s]1/2}  .  (1) 

c 

In  the  above  equation,  r  is  the  initial  separation  distance  of  the  electron- 
ion  pair,  E  is  the  electric  field,  9  is  the  angle  between  the  electric  field 
and  the  line  joining  the  electron-ion  pair,  B  s  (e/2kT)E,  rQ  -  e2/ekT,  e  is 
the  electronic  charge,  k  is  Boltzmann's  constant,  and  T  is  the  temperature. 
J q  is  the  ordinary  Bessel  function  of  order  zero  and  is  related  to  the  modi¬ 
fied  Bessel  function  of  order  zero,  Iq,  by 

J0(iz)  «  IQ(z)  .  (2) 

In  comparing  the  predictions  with  experiment,  we  assume  that  the  initial 
thermal izat ion  of  the  electrons  produces  a  practically  isotropic  distribution 
of  directions  about  the  parent  ions.  Therefore  the  quantity  of  practical  in¬ 
terest  is 


P(r , E)  »  <P(r,E,e)>  »  -  f  de  P(r, E, 0) 

w  0 

-  -  J  de  exp[-8r(1  ♦  cos  0)]x 
n  0 

J"  /r  ds  exp(-s)Io|2[0r(1  ♦  cos  0)s]1/2}  .  (3) 


16.  A.  Ausman,  Jr.,  Annual  Report  of  Conference  on  Electrical  Insulation  and  Dielectric 
Phenomena  (1973),  p  456;  and  Harry  Diamond  Laboratories  HDL-TR-1662  (April  1974). 

\.  Onsager,  Phys.  Rev.  54  (1938),  p  554. 
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An  expansion  of  equation  (3)  in  a  power  series  of  the  electric  field  yields, 
to  first  order, 

P(r,E)  -  exp (-r  /r)  <1  +  Br  (1  ♦  cos  0)> 

C  V 

-  exp(-rc/r)(l  +  8rc)  .  (4) 

An  important  consequence  of  this  result  is  that  for  sufficiently  low  fields, 
such  that  equation  (H)  is  a  valid  approximation,  the  relative  effect  of  the 
field  is  independent  of  the  initial  separation  distance  r.  In  fact,  a  plot  of 
equation  (4)  yields  a  slope/ intercept  ratio, 

slope/ intercept  -  1  ♦  8rQ  *  1  +  (e^/2ek2T2)E  .  (5) 

Equation  (5)  depends  only  on  the  material  parameters  e  and  T.  This  very  use¬ 
ful  relationship  has  been  used  by  many  investigators  to  test  the  applicability 
of  the  geminate  recombination  model  to  given  experimental  conditions.  In 
practice,  the  yield  of  charge  is  measured  as  a  function  of  applied  electric 
field  for  fields  sufficiently  low  that  a  linear  relationship  is  obtained.  The 
experimentally  obtained  slope/ intercept  ratio  is  then  compared  with  that 
predicted  by  equation  (5).  In  the  calculations  presented  below,  which  take 
into  account  the  complete  field  dependence  of  the  geminate  escape  probability, 
it  is  shown  that  the  slope/ intercept  test  can  sometimes  be  quite  misleading  in 
interpreting  experimental  data. 

Equation  (3)  was  programmed  for  numerical  computation.  For  large  x, 
Iq(x)  -  ex.  Since  for  large  electric  fields  (large  B)  all  exponential  fac¬ 
tors  have  large  arguments,  overflow  (or  underflow)  occurs  for  sufficiently 
large  B  unless  all  exponential  factors  are  combined  into  a  single  exponential 
factor  before  any  integration  is  performed.  To  accomplish  this  it  was  neces¬ 
sary  to  place  the  exponential  involving  only  the  variable  9  inside  the  inte¬ 
gral  over  s.  The  double  integration  was  then  performed  numerically  with  the 
use  of  Simpson's  rule.  The  basic  input  parameters  to  the  program  are  the 
dielectric  constant  of  the  material,  the  initial  separation  distance,  and  the 
temperature.  The  program  computes  the  escape  probability  as  a  function  of 
electric  field  over  a  range  specified  by  the  user. 


3.  RESULTS  AND  DISCUSSION 

The  escape  probability  as  a  function  of  electric  field,  calculated  from 
equation  (3),  is  shown  in  figures  1  through  5  for  various  values  of  the  ini¬ 
tial  separation  distance,  r,  and  temperature,  T.  Figures  1  through  3  give  the 
field  dependence  of  the  escape  probability  for  the  three  values  of  r  -  50,  80, 
and  100  A,  and  for  the  temperatures  80,  193,  and  293  K.  Figure  4  displays  the 
explicit  dependence  on  separation  distance  at  293  K. 
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Figure  1.  Escape  probability  as  a  func¬ 
tion  of  field  for  initial  electron-hole 
separation  of  5  ran  at  different 
temperatures . 


Figure  2.  Escape  probability  as  a  func¬ 
tion  of  field  for  initial  electron-hole 
separation  of  8*  nm  at  different 
temperatures. 


The  danger,  referred  to  earlier,  of  applying  the  slope/ intercept  test  to 
experimental  data  is  Illustrated  in  figure  5.  In  this  figure  an  expanded 
field  scale  is  used.  The  dashed  lines  are  an  extrapolation  of  the  linear 
regime.  Since  in  many  experiments  it  is  very  difficult  to  obtain  data  in  the 
true,  low-field  linear  regime,  it  is  possible  to  misinterpret  the  data  by 
assuming  that  the  data  in  the  field  regime  just  above  5*1 0^  V/cm  (frequently 
an  experimental  lower  limit)  are  in  the  linear  regime.  The  application  of  the 
slope/ intercept  test  to  the  80  K  data  in  this  field  regime  actually  leads  to 
a  negative  slope/ intercept  ratio.  Even  at  193  and  293  K,  a  slight  amount  of 
scatter  in  the  experimental  data  could  lead  one  to  misinterpret  the  location 
of  the  linear  regime  and,  in  turn,  to  obtain  erroneous  values  for  the 
slope/ intercept  ratio.  Figure  1,  the  50-A  case,  illustrates  this  danger  of 
misinterpretation  even  more  dramatically. 


i*.  CONCLUSION 

Since  the  preceding  discussion  illustrates  the  difficulties  in  applying 
the  slope/ Intercept  test  to  experimental  data,  apparently  the  only  conclusive 
procedure  for  determining  the  applicability  of  the  geminate  recombination 
model  to  a  particular  experimental  situation  is  to  attempt  to  fit  the  data 
over  the  entire  field  range  by  equation  (3).  The  only  variable  parameter  in 
this  model  is  the  initial  electron-ion  separation  distance. 
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Escape  probability 


figure  3*  Escape  probability  as  a  func¬ 
tion  of  field  for  Initial  electron-hole 
separation  of  10  nm  at  different 
temperatures . 


E  (V/cm) 

Figure  4.  Escape  probability  as  a  func¬ 
tion  of  field  at  room  temperature  for 
different  initial  electron-hole 
separations. 
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E  (V/cm) 


Figure  5.  Escape  probability  plotted  on 
an  expanded  field  scale*  Dashed  lines 
are  extrapolations  of  the  low-field 
linear  slope  region. 
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ATTN  ADVANCED  CONCEPTS  DIV 
ATTN  TARGET  ACQUISITION 
&  ENGAGEMENT  DIV 
ATTN  WEAPONS  TECH  &  CONCEPT  DIV 
1400  WILSON  BLVD 
ARLINGTON,  VA  22209 

DIRECTOR 

DEFENSE  COMMUNICATIONS  AGENCY 
ATTN  TECH  LIBRARY 


DIRECTOR 

DEFENSE  COMMUNICATIONS  AGENCY  (cont’d) 
ATTN  COMMAND  &  CONTROL  CENTER 
WASHINGTON,  DC  20305 

DIRECTOR 

DEFENSE  COMMUNICATIONS  ENGINEERING 
CENTER 

ATTN  TECHNICAL  LIBRARY 
i860  WIEHLE  AVE 
RESTON,  VA  22090 

DIRECTOR 

DEFENSE  INTELLIGENCE  AGENCY 
ATTN  DT-1 ,  NUCLEAR  &  APPLIED 
SCIENCES  DIV 

ATTN  DT-2,  WEAPONS  &  SYSTEMS  DIV 
ATTN  DT-4 ,  ELECTRONICS  &  COMMAND 
&  CONTROL  DIV 
WASHINGTON,  DC  20301 

CHAIRMAN 

JOINT  CHIEFS  OF  STAFF 
ATTN  J-3,  ELECTRONIC  WARFARE  DIV 
ATTN  J-5 ,  NUCLEAR  DIV 
WASHINGTON,  DC  20301 

DIRECTOR 

NATIONAL  SECURITY  AGENCY 
ATTN  TECHNICAL  LIBRARY 
FT  MEADE,  MD  20755 

DIRECTOR 

DEFENSE  NUCLEAR  AGENCY 
ATTN  DDST ,  M.  ATKINS,  DEP  DIR 
SCIENCE  &  TECHNOLOGY 
ATTN  TISI,  SCIENTIFIC  INFORMATION  DIV 
ATTN  TITL,  TECHNICAL  LIBRARY  DIV 
ATTN  SPTD ,  TEST  DIVISION 
ATTN  RAAE,  ATMOSPHERIC  EFFECTS  DIV 
ATTN  RAEE,  EMP  EFFECTS  DIV 
ATTN  RAEV,  ELECTRONICS  VULNERABILITY 
DIV 

WASHINGTON,  DC  20305 

COMMANDER 
FIELD  COMMAND 
DEFENSE  NUCLEAR  AGENCY 
ATTN  FCPR 

ATTN  FCSD-A4 ,  TECH  REF  BR 
KIRTLAND  AFB,  NM  87115 

CHIEF 

FIELD  COMMAND 
DEFENSE  NUCLEAR  AGENCY 
LIVERMORE  DIVISION 
PO  BOX  808 
ATTN  FCPRL 

LIVERMORE,  CA  94550 


14 


DISTRIBUTION  (cant’d) 


DIRECTOR 

ARMED  FORCES  RADIOBIOLOGY 
RESEARCH  INSTITUTE 
DEFENSE  NUCLEAR  AGENCY 
NATIONAL  NAVAL  MEDICAL  CENTER 
BETHESDA ,  MD  20014 

UNDER  SECRETARY  OF  DEFENSE 
FOR  RESEARCH  &  ENGINEERING 
ATTN  TEST  &  EVALUATION 
ATTN  RESEARCH  &  ADVANCED  TECH 
WASHINGTON,  DC  20301 

OUSDR&E 

DIRECTOR  ENERGY  TECHNOLOGY  OFFICE 
THE  PENTAGON 
WASHINGTON,  DC  20301 

OUSDR&E 

ASSISTANT  FOR  RESEARCH 
THE  PENTAGON 
WASHINGTON,  DC  20301 

ASSISTANT  TO  THE  SECRETARY  OF  DEFENSE 
ATOMIC  ENERGY 
ATTN  EXECUTIVE  ASSISTANT 
WASHINGTON,  DC  20301 

OFFICE  OF  THE  ASSISTANT 
SECRETARY  OF  DEFENSE 
PROGRAM  ANALYSIS  &  EVALUATION 
ROOM  2E31 3 i  THE  PENTAGON 
WASHINGTON ,  DC  20301 

OFFICE,  DEPUTY  CHIEF  OF  STAFF 
FOR  OPERATIONS  &  PUNS 
DEPT  OF  THE  ARMY 
ATTN  DAMO-RQC,  TELECOM  CMD 
&  CONTROL  DIV 
WASHINGTON,  DC  20310 

ASSISTANT  CHIEF  OF  STAFF 
FOR  INTELLIGENCE 
DEPT  OF  THE  ARMY 
WASHINGTON,  DC  20310 

ASSISTANT  SECRETARY  OF  THE  ARMY 
RES,  DEV,  &  ACQ 
ATTN  DEP  FOR  SCI  &  TECH 
ATTN  DEP  FOR  COMMUNICATIONS 
&  TARGET  ACQUISITION 
WASHINGTON,  DC  20310 


DIRECTOR 

APPLIED  TECHNOLOGY  LABORATORY 
AVRADCOM 

ATTN  DAVDL-ATL-TSD,  TECH  LIBRARY 
FT  EUSTIS,  VA  23604 

COMMANDER 

US  ARMY  ARMAMENT,  MUNITIONS,  &  CHEMICAL 
COMMAND  (AMCCOM) 

US  ARMY  ARMAMENT  RESEARCH  & 

DEVELOPMENT  CENTER 

ATTN  DRDAR-FU,  PROJECT  MGT  PROJECT  OFC 
ATTN  DRCPM-CAWS,  PM,  CANNON  ARTILLERY 
WEAPONS  SYSTEMS/SEMI -ACTIVE 
LASER  GUIDED  PROJECTILES 

ATTN  DRCPM-S A ,  PM,  SELECTED  AMMUNITION 
ATTN  DRDAR-TDR,  RESEARCH  &  TECHNOLOGY 
ATTN  DRDAR-TDS,  SYSTEMS  DEV  & 
ENGINEERING 

ATTN  DRDAR-SE,  SYSTEMS  EVALUATION 
OFFICE 

ATTN  DRDAR-PM,  PROGRAM  MANAGEMENT 
SUPPORT  OFFICE 

ATTN  DRDAR-LC,  URGE  CALIBER  WEAPON 
SYSTEMS  LABORATORY 
ATTN  DRDAR-SC,  FIRE  CONTROL  &  SMALL 

CALIBER  WEAPON  SYSTEMS  LABORATORY 
ATTN  DRDAR-TS,  TECHNICAL  SUPPORT  DIV 
ATTN  DRDAR-QA,  PRODUCT  ASSURANCE  DIV 
DOVER,  NJ  07801-5001 

COMMANDER 

US  ARMY  ARMAMENT  MUNITIONS  & 

CHEMICAL  COMMAND 

US  ARMY  ARMAMENT  RESEARCH  &  DEVELOPMENT 
CENTER 

BENET  WEAPONS  UB  LCWSL 
WATERVLIET,  NY  12189 

PRESIDENT 

US  ARMY  ARMOR  &  ENGINEER  BOARD 
ATTN  ATZK-AE-IN-O,  OPTICAL 
INSTRUMENTATION  BRANCH 
ATTN  ATZK-AE-IN-E,  ELECTRONIC 
INSTRUMENTATION  BRANCH 
ATTN  ATZK-AE-TA,  TEST  DESIGN  & 

ANALYSIS  DIV 

ATTN  ATZK-AE-CV,  COMBAT  VEHICLE 
TECHNOLOGY  DIR 
FT  KNOX,  KY  40121 


COMMANDER 

US  ARMY  ABERDEEN  PROVING  GROUND 
ATTN  STEAP-TL,  TECH  LIB 
ABERDEEN  PROVING  GROUND,  MD  21005 
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DISTRIBUTION  (cont'd) 


COMMA  NDER /DI RECTOR 
CHEMICAL  SYSTEMS  LABORATORY 
US  ARMY  ARMAMENT  MUNITIONS  A 
CHEMICAL  COMMAND 

US  ARMY  ARMAMENT  RESEARCH  &  DEVELOPMENT 
CENTER 

ATTN  DRDAR-CL J-L ,  TECHNICAL  LIBRARY  BR 
ABERDEEN  PROVING  GROUND  ,  MD  21010 

COMMANDER 

US  ARMY  DUGWAY  PROVING  GROUND 
DUGWAY  t  UT  84022 

COMMANDER 

US  ARMY  ELECTRONICS  PROVING  GROUND 
FT  HUACHUCA,  AZ  85613 

COMMANDER/DIRECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
ATTN  DELAS-AS,  ATMOSPHERIC  SENSING  DIV 
ATTN  DELAS-AS-T,  TACTICAL  SENSOR  BR 
ATTN  DELAS-BE,  BATTLEFIELD  ENVIR  DIV 
ATTN  DELAS-BR,  ATMOSPHERIC  EFFECTS  BR 
ATTN  DELAS-BE-C ,  COMBAT  ENVIR  BR 
ATTN  DELAS-EO,  ELECTRO -OPTICS  DIVISION 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

PRESIDENT 

US  ARMY  AVIATION  BOARD 
ATTN  ATZQ-OT-CO,  TEST  CONCEPT  & 
OPERATIONS  DIV 
ATTN  ATZQ-OT-CM,  CONCEPT  A 
METHODOLOGY  BR 

ATTN  ATZQ-OT-ES,  ELECTRONIC  SYS  TEST 
BRANCH 

FT  RUCKER,  AL  36360 
COMMANDER 

US  ARMY  AVIATION  SYSTEMS  COMMAND 
( AVSCOM ) 

US  ARMY  AVIATION  RESEARCH  A 
DEVELOPMENT  COMMAND 

ATTN  DRDAV-N,  DIR  FOR  ADVANCED  SYSTEMS 
ATTN  DRDAV-E,  DIR  FOR  SYSTEMS 
ENGINEERING  A  DEVELOPMENT 
4300  GOODFELLOW  RD 
ST  LOUIS,  MO  63120 

COMMANDER 

US  ARMY  AVIONICS  RES  A  DEV  ACTIVITY 
ATTN  DAVAA-I  AVIATION  ELECTRONICS 
INTEGRATION  DIV 

ATTN  DAVAA-E,  COMMUNICATIONS  A  SENSOR 
DIV 

FT  MONMOUTH,  NJ  07703 


DIRECTOR 

BMD  ADVANCED  TECHNOLOGY  CENTER 
DEPARTMENT  OF  THE  ARMY 
PO  BOX  1500 
ATTN  ATC-T 
ATTN  ATC-D 

HUNTSVILLE,  AL  35807 

BALLISTIC  MISSILE  DEFENSE  PROGRAM 
MANAGER  OFFICE 
ATTN  DEPUTY  DIR 
5001  EISENHOWER  AVE 
ALEXANDRIA,  VA  22333-0001 

COMMANDER 

BALLISTIC  MISSILE  DEFENSE 
SYSTEMS  COMMAND 
PO  BOX  1500 
HUNTSVILLE,  AL  35807 

DIRECTOR 

US  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ATTN  DRDAR-BLV,  VULNERABILITY/ 

LETHALITY  DIV 

ATTN  DRDAR-BLB,  BALLISTICS  MODELING  DIV 
ATTN  DRDAR-BLI ,  INTERIOR  BALLI  DIV 
ATTN  DRDAR-BLL ,  LAUNCH  &  FLIGHT  DIV 
ATTN  DRDAR-BLT ,  TERMINAL  BALLISTICS  DIV 
ABERDEEN  PROVING  GROUND,  MD  21005 

COMMANDER 

US  ARMY  COLD  REGIONS 

RESEARCH  A  ENGINEERING  LABORATORY 
ATTN  CRREL-CS,  CHIEF  SCIENTIST 
ATTN  CRREL-RD,  RESEARCH  DIVISION 
ATTN  CRREL-EE ,  EXPERIMENTAL 
ENGINEERING  DIV 

ATTN  CRREL-TI ,  TECHNICAL  INFO  BR 
HANOVER,.  NH  03755 

COMMANDER 

COMBAT  DEVELOPMENTS 

EXPERIMENTATION  COMMAND 
FT  ORD,  CA  93941 

DIRECTORATE  OF  COMBAT  DEVELOPMENTS 
US  ARMY  ARMOR  CENTER 
FT  KNOX,  KY  40121 

COMMANDER/DIRECTOR 
COMBAT  SURVEILLANCE 

&  TARGET  ACQUISITION  LABORATORY 
ATTN  DELCS-DT,  CHIEF  TECHNICAL  PUNS  & 
MGT  OFFICE 

ATTN  DELCS-R,  DIR  RADAR  DIV 
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DISTRIBUTION  (cont'd) 


COMMANDER/DIRECTOR 
COMBAT  SURVEILLANCE 

&  TARGET  ACQUISITION  LABORATORY 
ATTN  DELCS-X,  DIR  DATA  XMSM  & 

SYS  DIV 

ATTN  DELCS-S,  DIR  SPECIAL  SENSORS  DIV 
ATTN  DELCS-PA,  DIR  PRODUCT  ASSURANCE  & 
TEST  OFFICE 

FT  MONMOUTH,  NJ  07703 
COMMANDER 

US  ARMY  COMBINED  ARMS  COMBAT 
DEVELOPMENT  ACTIVITY 
FT  LEAVENWORTH,  KS  66027-5300 

CHIEF 

US  ARMY  COMMUNICATIONS  SYS  AGENCY 
FT  MONMOUTH,  NJ  07703 

COMMANDER 

US  ARMY  COMMUNICATIONS-ELECTRONICS 
MATERIEL  READINESS  COMMAND 
FT  MONMOUTH,  NJ  07703 

COMMANDER 

US  ARMY  COMM-ELEC  ENGR  INSTAL  AGENCY 
ATTN  TECH  LIB 
FT  HUACHUCA,  AZ  85613 

COMMANDER 

US  ARMY  COMMUNICATIONS  RESEARCH  St 
DEVELOPMENT  COMMAND 
ATTN  DRCPM-TF,  OFC  OF  THE  PM  TACTICAL 
FIRE  DIRECTION  SYS/FIELD  ARTILLERY 
TACTICAL  DATA  SYSTEMS 
( TACFIRE/FATDS) 

ATTN  DR  PM-MSCS,  OFC  OF  THE  PM  MULTI¬ 
SERVICE  COMMUNICATIONS  SYS 
ATTN  DRCPM-ATC,  OFC  OF  THE  PM  ARMY 
TACTICAL  COMMUNICATIONS 
SYS  (ATACS) 

ATTN  DRDCO-PPA,  PLANS,  PROGRAMS  A 
ANALYSIS  DIR 

ATTN  DRDCO-TCS,  CENTER  FOR  TACTICAL 
COMPUTER  SYS 

ATTN  DRDCO-COM,  CENTER  FOR 
COMMUNICATIONS  SYS 
ATTN  DRDCO-SEI,  SYS  ENGINEERING 
&  INTEGRATION  (CENSEI) 

FT  MONMOUTH,  NJ  07703 

COMMANDER 

US  ARMY  COMMUNICATIONS  COMMAND 

USA  COMMO  AGENCY,  WS 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDER 

US  ARMY  COMPUTER  SYSTEMS  COMMAND 
ATTN  TECH  LIB 
FT  BELVOIR,  VA  22060 


DEPARTMENT  OF  THE  ARMY 
CONCc.PT  ANALYSIS  AGENCY 
8120  WOODMONT  AVE 
BETH ES DA ,  MD  2001  4 

COMMANDER  &  DIRECTOR 

CONSTRUCTION  ENGINEERING  RSCH  LAB  (CERL) 
DEPARTMENT  OF  THE  ARMY 
PO  BOX  *<005 
CHAMPAIGN,  IL  61 820 

COMMANDER 
EDGEWOOD  ARSENAL 

ABERDEEN  PROVING  GROUND,  MD  21005 
DIRECTOR 

ELECTRONICS  TECHNOLOGY  & 

DEVICES  LABORATORY 

ATTN  DELET-DT,  DIR  TECHNICAL  PLANS  & 
PROGRAMS  OFFICE 

ATTN  DELET-E,  DIR  ELECTRONIC  MATERIALS 
RESEARCH  DIV 

ATTN  DELET-I ,  DIR  MICROELECTRONICS  DIV 
ATTN  DELET-M,  MICROWAVE  &  SIGNAL 
PROCESSING  DEVICES  DIV 
FT  MONMOUTH,  NJ  07703 

DIRECTOR 

ELECTRONIC  WARFARE  LABORATORY 
ATTN  DELEW-SM,  EW  SYSTEMS  MGT  OFFICE 
ATTN  DELEW-C,  COMM  INTEL/CM  DIV 
ATTN  DELEW-E,  ELCT  INTEL/CM  DIV 
ATTN  DELEW- V,  EM  VULN  &  ECCM  DIV 
FT  MONMOUTH,  NJ  07703 

COMMANDANT 

US  ARMY  ENGINEER  CENTER  &  SCHOOL 
ATTN  LIBRARY 

FT  BELVOIR,  VA  22060-5291 
DIRECTOR 

US  ARMY  ENGINEER  WATERWAYS 
EXPERIMENT  STATION 
PO  BOX  631 

ATTN  TECHNICAL  INFORMATION  CENTER 
VICKSBURG,  MS  39180 

COMMANDER 

EWL 

INTEL  MAT  DEV  &  SPT  OFFICE 
ATTN  DELEW-I 
FT  MEADE,  MD  20755 

PRESIDENT 

US  ARMY  FIELD  ARTILLERY  BOARD 
ATTN  ATZR-BDWT,  WEAPONS  TEST  DIV 
ATTN  ATZR-BDAS,  ARTILLERY  SPT  TEST  DIV 
FT  SILL,  OK  73503 
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DISTRIBUTION  (cont'd) 


COMMANDANT 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATTN  LIBRARY 
FT  SILL,  OK  73503 

COMMANDING  OFFICER 
US  ARMY  FOREIGN  SCIENCE 
&  TECHNOLOGY  CENTER 
FEDERAL  OFFICE  BLDG 
ATTN  DRXST-SC,  SCIENCES  DIV 
ATTN  DRXST-ES,  ELECTRONICS  SYS  DIV 
ATTN  DRCST-SD-1,  C.  WARD 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 

DIRECTOR 

US  ARMY  HUMAN  ENGINEERING  LABORATORY 
ATTN  DRXHE-BR,  BEHAVIORAL  RESEARCH  DIV 
ATTN  DRXHE-TS,  TECHNICAL  SUPPORT  DIV 
ATTN  DRXHE-HE,  HUMAN  ENGINEERING 
APPLICATIONS  DIR 

ATTN  DRXHE-SP,  SYSTEMS  PERFORMANCE 
&  CONCEPTS  DIR 
ATTN  DRXHE-PC,  TECH  LIBRARY 
ABERDEEN  PROVING  GROUND,  MD  21005 

PRESIDENT 

US  ARMY  INFANTRY  BOARD 
ATTN  ATZB-IB-TS,  TEST  SUPPORT  DIV 
ATTN  ATZB-IB-TS-A,  ANALYSIS  & 
EVALUATION  BR 

ATTN  ATZB-IB-TS-D,  RANGE  CONTROL  & 

DATA  ACQUISITION  BR 
ATTN  ATZB-IB-AT,  ANTIARMOR  TEST  DIV 
ATTN  ATZB-IB-SA,  SMALL  ARMS  TEST  DIV 
FT  BENNING,  GA  31905 

COMMANDANT 

US  ARMY  INFANTRY  SCHOOL 
ATTN  LIBRARY 
FT  BENNING,  GA  31905 

PRESIDENT/COMMANDER 
US  ARMY  INTELLIGENCE  & 

SECURITY  BOARD 

ATTN  ATSI-BD-EW,  ELECTRONIC  WARFARE 
TESTS 

ATTN  STEEP-MT-EW,  INTEL  & 
COMMUNICATIONS  BR 
ATTN  STEEP-MT-EW,  COMMUNICATIONS 
SYS  SECT 

ATTN  STEEP-MT-EW,  NON -COMMUNICATIONS 
SYS  SECT 

FT  HUACHUCA,  AZ  85613 


COMMANDER 

US  ARMY  INTELLIGENCE  &  SEC  COMMAND 
ATTN  TECH  LIBRARY 
ARLINGTON  HALL  STATION 
4000  ARLINGTON  BLVD 
ARLINGTON,  VA  22212 

COMMANDER 

US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER 

ATTN  DRXMR-TL,  TECHNICAL  LIBRARY 
ATTN  DRXMR-T ,  MECHANICS  &  ENGINEERING 
LABORATORY 

ATTN  DRXMR-M,  MATERIALS  TESTING 
TECHNOLOGY  DIV 

ATTN  DRXMR-R,  ORGANIC  MATERIALS 
LABORATORY 

ATTN  DRXMR-E,  METALS  &  CERAMICS 
LABORATORY 

WATERTOWN ,  MA  021 72-0001 
COMMANDER 

US  ARMY  MATERIEL  COMMAND 
ATTN  AMCDM ,  DIR  FOR  PLANS  & 

ANALYSIS 

ATTN  AMCNC ,  NUCLEAR-CHEMICAL  OFFICE 
ATTN  AMCDE ,  DIR  FOR  DEVELOPMENT  &  ENG 
ATTN  AMCPM,  OFFICE  OF  PROJECT 
MANAGEMENT 
5001  EISENHOWER  AVE 
ALEXANDRIA,  VA  2233-0001 

COMMANDER 

US  ARMY  MATERIEL  SYSTEMS  ANALYSIS 
ACTIVITY 
ATTN  X5  (W3JCAA) 

ABERDEEN  PROVING  GROUND,  MD  21005 
COMMANDER 

US  ARMY  MISSILE  COMMAND 
ATTN  DRCPM-CF,  CHAPARRAL/FAAR 
ATTN  DRCPM-HD,  HELLFIRE/GLD 
ATTN  DRCPM-PE,  PERSHING 
ATTN  DRCPM-DT,  TOW  DRAGON 
ATTN  DRCPM-RS,  GENERAL  SUPPORT 
ROCKET  SYS 

ATTN  DRCPM-HEL,  HIGH  ENERGY  LASER  SYS 

ATTN  DRCpM-ROL,  ROLAND 

ATTN  DRCPM-VI,  VIPER 

ATTN  DRCPM-HA,  HAWK 

ATTN  DRCPM-MP,  STINGER 

ATTN  DRSMI-T,  TARGETS  MANAGEMENT  OFFICE 

ATTN  DRSMI-U ,  WEAPONS  SYS  MGT  DIR 

ATTN  DRSMI-D,  PLANS,  ANALYSIS, 

&  EVALUATION 
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DISTRIBUTION  (cont'd) 


COMMANDER 

US  ARMY  MISSILE  COMMAND  (cont'd) 

ATTN  DRSMI-E,  ENGINEERING 
ATTN  DRSMI-Q,  PRODUCT  ASSURANCE 
ATTN  DRSMI-S,  MATERIEL  MANAGEMENT 
ATTN  DRSMI-W,  MGMT  INFO  SYSTEMS 
REDSTONE  ARSENAL,  AL  35809 

DIRECTOR 

US  ARMY  MISSILE  LABORATORY 
USAMICOM 

ATTN  DRSMI-RPR,  REDSTONE  SCIENTIFIC 
INFO  CENTER 

ATTN  DRSMI-RPT,  TECHNICAL 
INFORMATION  DIV 

ATTN  DRSMI-RN,  CHIEF,  TECHNOLOGY 
INTEGRATION  OFFICE 

ATTN  DRSMI-RA,  CHIEF,  DARPA  PROJECTS 
OFFICE 

ATTN  DRSMI-RH,  DIR,  DIRECTED  ENERGY 
DIRECTORATE 

ATTN  DRSMI-RL,  SPE  ASST  GROUND  EQUIP  & 
MISSILE  STRUCTURES  DIR 
ATTN  DRSMI-RR,  RESEARCH  DIR 
ATTN  DRSMI-RS,  SYS  ENGR  DIR 
ATTN  DRSMI-RT,  TEST  &  EVAL  DIR 
ATTN  DRSMI-RD ,  SYS  SIMULATION  &  DEV  DIR 
ATTN  DRSMI-RE ,  ADVANCED  SENSORS  DIR 
ATTN  DRSMI-RK,  PROPULSION  DIR 
ATTN  DRSMI-RG,  GUIDANCE  &  CONTROL  DIR 
REDSTONE  ARSENAL,  AL  35809 

COMMANDER  &  DIRECTOR 
OFC  OF  MISSILE  ELCT  WARFARE 
ATTN  DELEW-M-PM,  PROG  MGT  SPT  OFFICE 
ATTN  DELEW-M-ST,  SURFACE  TARGET  DIV 
ATTN  DELEW-M-TA,  TECH  &  ADV 
CONCEPTS  DIV 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 
COMMANDER 

U.S.  ARMY  TROOP  SUPPORT  CMD 
US  ARMY  NATICK  RES  &  DEV  COMMAND 
NATICK  DEVELOPMENT  CENTER 
ATTN  DRDNA-T,  TECHNICAL  LIBRARY 
ATTN  DRDNA-E,  CHIEF  ENGINEERING 
PROGRAMS  MANAGEMENT  OFFICE 
ATTN  DRDNA-U ,  DIR  AERO-MECHANICAL 
ENGINEERING  LABORATORY 
ATTN  DRDNA-O,  CHIEF  OPERATIONS  RESEARCH 
SYSTEMS  ANALYSIS  OFFICE 
NATICK,  MA  01760 

DIRECTOR 

NIGHT  VISION  &  ELECTRO-OPTICS 
CENTER 

ATTN  DELNV-D ,  AD  FOR  DEV  &  ENGRG 
ATTN  DELNV-PA,  PRODUCT  ASSURANCE  DIV 
ATTN  DELNV-AC ,  ADVANCED  CONCEPTS  DIV 
ATTN  DELNV-AC,  TARGET  ACQUISITION  RES 


DIRECTOR 

NIGHT  VISION  &  ELECTRO-OPTICS 
CENTER  (cont'd) 

ATTN  DELNV-IRT,  INFRARED  TECHNOLOGY  DIV 
ATTN  DELNV-L,  LASER  DIVISION 
ATTN  DELNV-R,  ELECTRO-OPTICS  RES 
ATTN  DELNV-R,  ELECTRONICS  MATERIALS  RES 
ATTN  DELNV-SE,  SYSTEMS  ENGINEERING  DIV 
ATTN  DELNV-SE,  MISSILES 
ATTN  DELNV-SI,  SYSTEMS  INTEGRATION  DIV 
ATTN  DELNV-SI,  COMBAT  VEHICLES 
ATTN  DELNV-SI,  OPTICS 
ATTN  DELNV-SI,  ELECTRONICS 
ATTN  DELNV-VI ,  VISIONIC  DIVISION 
ATTN  DELNV-VI,  BATTLEFIELD  ENVIRONMENT 
ATTN  DELNV-VI,  BATTLEFIELD  SYSTEMS 
PERFORMANCE 
FT  BELVOIR,  VA  22060 

COMMANDER 

US  ARMY  NUCLEAR  &  CHEMICAL  AGENCY 
ATTN  ATCN-W,  WEAPONS  EFFECTS  DIV 
7500  BACKLICK  ROAD 
BUILDING  2073 
SPRINGFIELD,  VA  22150 

COMMANDER 

US  ARMY  OPERATIONAL  TEST 
&  EVALUATION  AGENCY 
5600  COLUMBIA  PIKE 
FALLS  CHURCH,  VA  220H1 

COMMANDER 

US  ARMY  ORDNANCE  CENTER  &  SCHOOL  LIBRARY 
BLDG  3071 

ABERDEEN  PROVING  GROUND,  MD  21005 
COMMANDER 

(WILL  BE  TROSCOM  (ARMY  TROOP  SUPPORT  CMD)) 
US  ARMY  PMMEP 

ATTN  DRDME-U ,  PROGRAMS  &  ANALYSIS  DIR 
ATTN  DRDME-T,  PRODUCT  ASSURANCE  & 

TESTING  DIR 

ATTN  DRDME-V,  MATERIAL  TECHNOLOGY 
LABORATORY 

FT  BELVOIR,  VA  22060 
DIRECTOR 

PROPULSION  LABORATORY 

RESEARCH  &  TECHNOLOGY  LABORATORIES 

AVSCOM 

LEWIS  RESEARCH  CENTER,  MS.  106-2 
21000  BROOKPARK  ROAD 
CLEVELAND,  OH  Ml  35 

US  CHIEF  ARMY  RESEARCH  OFFICE  (DURHAM) 

PO  BOX  12211 

ATTN  DRXRO-EL,  DIR  ELECTRONICS  DIV 
ATTN  DRXRO-MA,  DIR  MATHEMATICS  DIV 
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DISTRIBUTION  (cont'd) 


US  CHIEF  ARMY  RESEARCH  OFFICE  (DURHAM)  (cont'd) 
ATTN  DRXRO-CB,  DIR  CHEMICAL-BIOLOGICAL 
DIV 

ATTN  DRXRO-PH,  DIR  PHYSICS  DIV 
ATTN  DRXRO-MS ,  METALLURGY-MATERIALS 
DIV 

ATTN  DRXRO-EG,  DIR  ENGINEERING  DIV 
RESEARCH  TRIANGLE  PARK,  NC  27709 

COMMANDER 

TECHNICAL  SUPPORT  ACTIVITY 
ATTN  DELSD-L,  TECH  LIB  DIR 
FT  MONMOUTH,  NJ  07703 

DIRECTOR 

RESEARCH  &  TECHNOLOGY 
LABORATORIES  (AVSCOM) 

AMES  RESEARCH  CENTER 
MOFFETT  FIELD,  CA  94035 

OFFICE  OF  THE  DEPUTY  CHIEF  OF  STAFF 
FOR  RESEARCH,  DEVELOPMENT, 

&  ACQUISITION 

ATTN  DAMA-ARZ-A,  DIR  OF  ARMY  RES, 

R.  LEWIS 

ATTN  DAMA-RAX,  SYSTEMS  REVIEW  & 

ANALYSIS  OFFICE 

ATTN  DAMA-ZE,  ADVANCED  CONCEPTS  TEAM 
ATTN  DAMA-CSZ-A,  DIR  OF  COMBAT 
SUPPORT  SYSTEMS 

ATTN  DAMA-WSZ-A,  DIR  OF  WEAPONS  SYSTEMS 
ATTN  DAMA-PPZ-A,  DIR  OF  MATERIAL  PLANS 
&  PROGRAMS 

ATTN  DAMA-CSC ,  COMMAND,  CONTROL, 

SURVEILLANCE  SYSTEMS  DIV 
ATTN  DAMA-WSA,  AVIATION  SYSTEMS  DIV 
ATTN  DAMA-CSM,  MUNITIONS  DIV 
ATTN  DAMA-WSM,  MISSILES  &  AIR 
DEFENSE  SYSTEMS  DIV 
ATTN  DAMA-CSS,  SUPPORT  SYSTEMS  DIV 
ATTN  DAMA-WSW,  GROUND  COMBAT 
SYSTEMS  DIV 
WASHINGTON,  DC  20310 

US  ARMY  SATELLITE  COMMUNICATIONS 
AGENCY 
CORADCOM 

FT  MONMOUTH,  NJ  07703 
COMMANDER 

US  ARMY  SIGNAL  CENTER 
&  FT  GORDON 

ATTN  ATZHTD,  DIR  OF  COMBAT 
DEVELOPMENTS 

ATTN  ATZHTD-A-C,  CTAD  BRANCH 
ATTN  ATZHTD-A-DA,  C-E  DATA/ 

AVIONICS  BRANCH 

ATTN  ATZHTD-A-M ,  C-E  MAINTENANCE 
BRANCH 


COMMANDER 

US  ARMY  SIGNAL  CENTER 
&  FT  GORDON  (cont'd) 

ATTN  ATZHTD-A-AV,  C-E  MANAGEMENT/ 
AUDIO-VISUAL  BRANCH 
ATTN  ATZHTD-D ,  DOCTRINE  BRANCH 
ATTN  ATZHTD-D,  DESIGN  &  DEVELOPMENT 
DIV 

ATTN  ATZHCE,  DIR  OF  COMMUNICATIONS 
&  ELECTRONICS 
FT  GORDON,  GA  30905 

DIRECTOR 

US  ARMY  SIGNALS  WARFARE  CENTER 
VINT  HILL  FARMS  STATION 
ATTN  DELSW-RA,  ANALYSIS  & 

APPLICATIONS  DIV 

ATTN  DELSW-CE,  COMMUNICATIONS/EW 
DIVISION 

ATTN  DELSW-EE,  ELECTRON I CS/EW  DIVISION 
ATTN  DELSW-GD,  GENERAL  SUPPORT  SYSTEMS 
DIVISION 

ATTN  DELSW-OS,  OFFICE  OF  THE  SCIENTIFIC 
ADVISOR 

ATTN  DELSW-CAC,  PROJECT  MANAGER- 

CONTROL  &  ANALYSIS  CENTERS  OFFICE 
ATTN  DELSW-M,  RESOURCE  MANAGEMENT  & 
PLANS  DIVISION 

ATTN  DELSW-SS,  SIGNAL  SECURITY  OFFICE 
ATTN  DELSW-DT,  TACTICAL  DATA  SYSTEMS 
DIVISION 

WARRENTON ,  VA  221 86-5000 
COMMANDER 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 
ATTN  DRCPM-CVT,  ARMORED  COMBAT 
VEHICLE  TECHNOLOGY 

ATTN  DRCPM-ITV,  IMPROVED  TOW  VEHICLE 
ATTN  DRDTR-R,  TANK-AUTOMOTIVE  SYSTEMS 
LABORATORY 

ATTN  DRDTR-Z ,  TANK- AUTOMOTIVE  CONCEPTS 
LABORATORY 

ATTN  DRDTR-T,  DIR  FOR  ENGINEERING 
SUPPORT 

ATTN  DRDTR-J,  DIR  FOR  PRODUCT  ASSURANCE 
28251  VAN  DYKE  AVE 
WARREN,  MI  48090 

COMMANDER 

US  ARMY  TEST  &  EVALUATION 
COMMAND 

ABERDEEN  PROVING  GROUND,  MD  21005 
COMMANDER 

US  ARMY  TRAINING  &  DOCTRINE 
COMMAND 

ATTN  ATCD-DCS,  COMBAT  DEVELOPMENT 
ATTN  ATCD-AN,  ANALYSIS  DIR 
ATTN  ATCD-AN,  COMBAT  SYS  BR 
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DISTRIBUTION  (cont'd) 


) 


COMMANDER 

US  ARMY  TRAINING  A  DOCTRINE 
COMMAND  (cont'd) 

ATTN  ATCD-AN,  METHODOLOGY  BR 
ATTN  ATCD-C,  TELECOM  COMD  &  CON  & 
COMPTR  SYS  DIR 

ATTN  ATCD-C,  BATTLEFIELD  SYS 
INTEGRATION  BR 

ATTN  ATCD-IE,  INTEL  l>  EW  DIR 

ATTN  ATCD-IE,  ELECTRONIC  WARFARE  BR 

ATTN  ATCD-T,  TEST  &  EVAL  DIR 

ATTN  DCS  COMBAT  DEVELOPMENTS— ATCD 

ATTN  DCS  TRA INING-ATTNG 

ATTN  INFO  OFFICE— ATID 

ATTN  COMM  A  ELECTRONICS— ATCE 

FT  MONROE,  VA  23651 

COMMANDER 

US  ARMY  TRAINING  A  DOCTRINE 
COMMAND  SYS  ANALYSIS  ACTIVITY 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDER 

ARMY  ARMAMENT,  MUNITIONS, 

A  CHEMICAL  COMMAND 
WATERVLIET  ARSENAL 
WATERVLIET,  NY  12189 

COMMANDER 

WHITE  SANDS  MISSILE  RANGE 

DEPT  OF  THE  ARMY 

ATTN  STEWS-CE,  COMMUNICATIONS/ 

ELEC  OFFICE 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDANT 

US  ARMY  WAR  COLLEGE 

ATTN  LIBRARY 

CARLISLE  BARRACKS,  PA  17013 
COMMANDER 

US  ARMY  YUMA  PROVING  GROUND 
YUMA,  AZ  85364 

ASSISTANT  SECRETARY  OF  THE  NAVY 
RESEARCH,  ENGINEERING,  A  SYSTEMS 
DEPT  OF  THE  NAVY 
WASHINGTON,  DC  20350 

COMMANDER 

NAVAL  AIR  DEVELOPMENT  CENTER 
ATTN  TECHNICAL  LIBRARY 
WARMINSTER,  PA  18974 

COMMANDER 

NAVAL  AIR  SYSTEMS  COMMAND,  HQ 
DEPT  OF  THE  NAVY 
WASHINGTON,  DC  20361 


OFFICER-IN-CHARGE 

NAVAL  CONSTRUCTION  BATTALION  CENTER 
CIVIL  ENGINEERING  LABORATORY 
ATTN  CODE  L51 
PORT  HUENEME,  CA  93041 

HQ,  NAVAL  MATERIAL  COMMAND 
DEPT  OF  THE  NAVY 
WASHINGTON,  DC  20360 

COMMANDER 

NAVAL  OCEAN  SYSTEMS  CENTER 
SAN  DIEGO,  CA  92152 

CHIEF  OF  NAVAL  OPERATIONS 

DEPT  OF  THE  NAVY 

ATTN  DIR,  COM  &  CONTR  & 

COMMUNICATIONS  PROGRAMS 
WASHINGTON ,  DC  20350 

SUPERINTENDENT 
NAVAL  POSTGRADUATE  SCHOOL 
ATTN  LIBRARY,  CODE  2124 
MONTEREY,  CA  93940 

CHIEF  OF  NAVAL  RESEARCH 
DEPT  OF  THE  NAVY 
ATTN  0NR-400,  ASST  CH  FOR  RES 
ATTN  ONR-420,  PHYSICAL  SCI  DIV 
ARLINGTON,  VA  22217 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 
ATTN  2600,  TECHNICAL  INFO  DIV 
ATTN  2750,  OPTICAL  SCIENCES  DIV 
ATTN  5500,  OPTICAL  SCI  DIV 
ATTN  6000,  MATL  &  RADIATION 
SCI  A  TE 

ATTN  D.  BROWN,  CODE  4680 
ATTN  C.  DOZIER,  CODE  4680 
WASHINGTON,  DC  20375 

COMMANDER 

NAVAL  SHIP  SEA  SYSTEMS  COMMAND 
WASHINGTON,  DC  20360 

COMMANDER 

DAVID  W.  TAYLOR  NAVAL  SHIP  RAD  CENTER 
BETHESDA ,  MD  20084 

COMMANDER 

NAVAL  SUPFACE  WEAPONS  CENTER 
ATTN  DX-21  LIBRARY  DIV 
DAHLGREN,  VA  22448 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
ATTN  F-30,  NUCLEAR  EFFECTS  DIV 
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DISTRIBUTION  (cont'd) 


COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER  (cont'd) 
ATTN  R-40,  RADIATION  DIV 
ATTN  R-42,  ELECTRO-OPTICS  BR 
ATTN  E-43,  TECHNICAL  LIB 
WHITE  OAK,  MD  20910 

COMMANDER 

NAVAL  TELECOMMUNICATIONS  COMMAND,  HQ 
ATTN  TECHNICAL  LIBRARY 
4401  MASS  AVE,  NW 
WASHINGTON,  DC  20390 

COMMANDER 

NAVAL  WEAPONS  CENTER 
ATTN  38,  RESEARCH  DEPT 
ATTN  381 ,  PHYSICS  DIV 
CHINA  LAKE,  CA  93555 

COMMANDING  OFFICER 
NAVAL  WEAPONS  EVALUATION  FACILITY 
KIRTLAND  AIR  FORCE  BASE 
ALBUQUERQUE,  NM  87117 

DEPUTY  CHIEF  OF  STAFF 
RESEARCH  &  DEVELOPMENT 
HEADQUARTERS,  US  AIR  FORCE 
ATTN  AFRDQSM 
WASHINGTON,  DC  20330 

SUPERINTENDENT 

HQ,  US  AIR  FORCE  ACADEMY 

ATTN  TECH  LIB 

USAF  ACADEMY,  CO  80840 

AF  AERO-PROPULSION  LABORATORY 
WRIGHT- PATTERSON  AFB,  OH  45433 

AIR  FORCE  AVIONICS  LABORATORY 
ATTN  KJA  (TEO),  ELECTRO-OPTICS 
TECHNOLOGY  BR 

WRIGHT -PATTERSON  AFB,  OH  45433 
COMMANDER 

HQ,  AF  DATA  AUTOMATION  AGENCY 
ATTN  DATA  SYS  EVAL  OFFICE 
GUNTER  AFS,  AL  36114 

COMMANDER 

AF  ELECTRONIC  SYSTEMS  DIVISION 
ATTN  WO,  DEP  FOR  CONTROL 
&  COMMUNICATIONS  SYS 
L.  G.  HA NS COM  AFB,  MA  01730 

COmANDER 

ARNOLD  ENGINEERING  DEVELOPMENT  CENTER 

ATTN  DY,  DIR  TECHNOLOGY 

ARNOLD  AIR  FORCE  STATION,  TN  37389 


RELIABILITY  ANALYSIS  CENTER 
RADC  ( RBRAC ) 

GRIFFISS  AFB,  NY  13441 

COMMANDER 

HQ,  ROME  AIR  DEVELOPMENT  CENTER  (AFSC) 
ATTN  LE,  DEPUTY  FOR  ELECTRONIC  TECH 
ATTN  LMT,  TELECOMMUNICATIONS  BR 
GRIFFISS  AFB,  NY  13441 

SAMSO/CC 
PO  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

DIRECTOR 

AF  OFFICE  OF  SCIENTIFIC  RESEARCH 
BOLLING  AFB 

ATTN  NE,  DIR  OF  ELECTRONIC  A 
SOLID  STATE  SCI 
WASHINGTON,  DC  20332 

COMMANDER 

HQ,  AIR  FORCE  SYSTEMS  COMMAND 
ANDREWS  AFB 
ATTN  TECHNICAL  LIBRARY 
WASHINGTON,  DC  20334 

AF  WEAPONS  LABORATORY,  AFSC 
ATTN  LR,  LASER  DEV  DIV 
KIRTLAND  AFB,  NM  87117 

DIRECTOR 

NASA 

GODDARD  SPACE  FLIGHT  CENTER 
ATTN  250,  TECH  INFO  DIV 
GREENBELT,  MD  20771 

DIRECTOR 

NASA 

ATTN  TECHNICAL  LIBRARY 
JOHN  F.  KENNEDY  SPACE 
CENTER,  FL  32899 

DIRECTOR 

NASA 

LANGLEY  RESEARCH  CENTER 
ATTN  TECHNICAL  LIBRARY 
HAMPTON,  VA  23665 

DIRECTOR 

NASA 

LEWIS  RESEARCH  CENTER 
ATTN  TECHNICAL  LIBRARY 
CLEVELAND,  OH  44135 
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JET  PROPULSION  LABORATORY 
CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
4800  OAK  GROVE  DRIVE 
ATTN  TECHNICAL  LIBRARY 
PASADENA,  CA  91103 

UNIVERSITY  OF  CALIFORNIA 
SCHOOL  OF  ENGINEERING 
LOS  ANGELES,  CA  90024 

CATHOLIC  UNIVERSITY  OF  AMERICA 
CARDINAL  STATION 
PO  BOX  23 2 

WASHINGTON ,  DC  2001  7 

RUTGERS  UNIVERSITY 
COLLEGE  OF  ENGINEERING 
DEPARTMENT  OF  CERAMICS 
NEW  BRUNSWICK,  NJ  08903 

SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
PO  BOX  969 

LIVERMORE,  CA  94550 

SANDIA  NATIONAL  LABORATORIES 
PO  BOX  5800 

ALBUQUERQUE,  NM  87185 

CIVIL  ENGINEERING  RESEARCH  FACILITY 
UNIVERSITY  OF  NEW  MEXICO 
PO  BOX  188 

ALBUQUERQUE,  NM  87131 


US  ARMY  LABORATORY  COMMAND 

ATTN  COMMANDER,  AMSLC-CG 

ATTN  TECHNICAL  DIRECTOR,  AMSLC-CT 


INSTALLATION  SUPPORT  ACTIVITY 
ATTN  DIRECTOR,  SLCIS-D 
ATTN  RECORD  COPY,  SLCIS-IM-TS 
ATTN  LIBRARY,  SLCIS-IM-TL  (3  COPIES) 

ATTN  LIBRARY,  SLCIS-IM-TL  (WOODBRIDGE) 

ATTN  TECHNICAL  REPORTS  BRANCH,  SLCIS-IM-TR 
ATTN  LEGAL  OFFICE,  SLCIS-CC 


HARRY  DIAMOND  LABORATORIES 

ATTN  D/DIVISION  DIRECTORS 

ATTN  DIVISION  DIRECTOR,  SLCHD-RT 

ATTN  CHIEF,  SLCHD-NW-E 

ATTN  CHIEF,  SLCDH-NW-EB 

ATTN  CHIEF,  SLCDH-NW-EC 

ATTN  CHIEF,  SLCDH-NW-ED 

ATTN  CHIEF,  SLCHD-NW-EE 

ATTN  CHIEF,  SLCHD-NW-R 

ATTN  CHIEF,  SLCHD-NW-RA 

ATTN  CHIEF,  SLCHD-NW-RC 

ATTN  CHIEF,  SLCHD-NW-RE 

ATTN  CHIEF,  SLCHD-NW-RH 

ATTN  CHIEF,  SLCHD-NW-RI 

ATTN  CHIEF,  SLCHD-NW-P 

ATTN  K*  W.  BENNETT,  SLCHD-NW-RC 

ATTN  H.  E.  BOESCH,  SLCHD-NW-RC 

ATTN  F.  B.  McLEAN,  SLCHD-NW-RC 

ATTN  T.  R.  OLDHAM,  SLCHD-NW-RC  (10  COPIES) 
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